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() Electricai assemblies including female electrical terminal.

@ An electrical assembly (10) includes a female
electrical terminal (12) having a first sleeve portion
(13) provided with four Iongitudinally-extending
inwardly-directed convex lobes (18), each of which
has a substantial line contact along the length of a
male pin (11) adapted to be slidably received within
the first sleeve portion (13) of the female electrical
terminal (12). The four lobes (18) are arranged in the
pairs of lobes, including a first lobe pair (A) and a
second lobe pair (B). The first lobe pair (A) is sym-
metrically disposed about a first longitudinal siot (16)
in the first sleeve portion (13), and the second lobe
w=pair (B) is substantially diametrically oppositely of
<the first lobe pair (A) and is substantially symmetri-
cal about a diametrical axis (19) of the first sleeve
o portion (13) of the female elecirical connector (12)
@ which includes the first longitudinal slot (16) therein.
The second sleeve (14) has an integral portion (20,
L£Y 31) providing a stop for the pin (11). In one embaodi-
™M ment, the pin (11) is substantially-solid and provides
= a heat sink for the electrical assembly.

Q.
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ELECTRICAL ASSEMBLIES INCLUDING FEMALE ELECTRICAL TERMINAL

The present invention relates to female elec-
frical terminals and the method of making the
same, and more particularly, to a female electrical
terminal having a substantially improved line con-
tact with a cooperating male electrical terminal
(such as a pin) slidably recsived within the female
electrical terminal. :

Electrical connectors, including cooperating
paired male and female electrical terminals, re-
spectively, are well known in various electrical and
" electronic apparatus.

Exemplary of this prior art includes terminals
having a male spade or tongue adapied to be
slidably received within a female electrical terminal
having a pair of semi-cylindrical open barrel por-
tions confronting the body portion thereof. A line
contact is obtained, but only along the edges of the
tongue. This type of terminal is intended primarily
for only a limited number of make-and-break con-
nections. :

Another example of the prior art is a female
terminal having a closed barrel having only two
point contacts with its cooperating male terminal.
Again, while perfectly satisfactory for the purposes
intended, this terminal is not intended to carry
"power" currents wherein a plurality of line con-
tacts would be a desirable feature and advantage
over the available prior art.

Others in the art have resorted to cooperating
terminals including respective screw-machined
parts which are gold or silver plated. While perhaps
satisfactory for the purposes intended, neverthe-
less, these terminals are quite expensive to manu-
facture and do not lend themselves to economical
automated manufacture of electrical terminals from
a coil or continuous ribbon of sheet metal using
stamping and forming operations.

Accordingly, it is an object of the present in-
vention to alleviate the disadvantages and deficien-
cies of the prior art by providing a female electrical
terminal, especially adapted for automated eco-
nomical manufacture using readily available materi-
als, wherein the terminal is capable of conducting
"power" (as well as "signal") currents, and wherein
the terminal has a plurality of line contacts with its
operating male terminal slidably received thersin.

It is another object of the present invention to
provide a female electrical terminal having four
lines of contact, and substantially along the length
of the parts male pin, thereby avoiding any neces-
sity for parts plated with. precious metals.

It is yet another object of the present invention
to provide a female electrical terminal having a
"ransverse beam" electrical connection with its
cooperating male pin terminal, as distinguished
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from a "longitudinal beam™ electrical connection
provided by a cantilevered spring finger on the
female electrical terminal, the latter constituting an
arrangement heretofore widely resorted to in the
prior art. :

It is a further object of the present invention to
provide heat-radiating fins on the female electrical
terminal.

It is yet still further object of the present inven-
tion to provide an "over and under" design,
wherein the female electrical terminal is deliber-
ately "under designed” from the standpoint of elec-
trical and thermal conductivity, but wherein the
male electrical terminal (preferably constituting a
cylindrical pin) is deliberately "over designed”,
such that the male pin terminal provides a heat
sink to draw heat from the assembly.

In accordance with the teachings of the present
invention, there is herein illustraied and described,
a preferred embodiment of an electrical assembly
including a male electrical terminal and a cooperat-
ing female electrical terminal adapted to slidably
receive the male electrical terminal. The female
electrical terminal includes a generally-cylindrical
first sleeve portion (or barrel) having a longitudinai
slot formed therein, such that the first sleeve por-
tion may flex radially outwardly when the male
electrical terminal is slidably received within the
first sleeve portion of the female electrical terminal.
The first sleeve has four longitudinally-extending
inwardly-directed  substantially convex lobes
formed thereon. These four lobes are arranged in
two pairs of lobes, including a first lobe pair on
respective sides of the longitudinal slot in the first
sleeve, and further including a second lobe pair
disposed substantially diametrically opposite to the
longitudinal slot. When the male electrical terminal
is slidably received into the first sleeve portion of
the female electrical terminal, the male electrical
terminal engages the four convex lobes and makes
electrical contact with the four lobes substantially
along the entire length thereof.

Preferably, the male electrical terminal com-
prises a substantially cylindrical pin; and in a fur-
ther preferred embodiment, the pin has a
substantially-solid portion for improved heat-trans-
fer properties. It is to be understood that the term
"substantially solid" includes solid pins that are
manufactured for example by cold forming or
screw machining as well as stamped and formed
pins having relatively thick walls that approximate a
solid pin in cross section.

Viewed in yet another aspect, the present in-
vention provides an improvement to an electrical
assembly having cooperating male and female ter-
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minals, respectively, wherein each male and female
terminal is to be terminated to respective conduc-
tfors, wherein each conductor carries at least one
wire having an "0.D." (outer diameter), and
wherein each conductor is provided with an insulat-
ing jacket having a given O.D. The improvement
includes a first sleeve on the female terminal for
receiving the male terminal, and a second sleeve
on the female terminal for receiving the wire. Both
the first and second sleeves have an O.D. that is
substantially equal to or less than the O.D. of the
insulation jacket if its respective conductor, such
that the female terminal does not interfere with
(but, rather, facilitates) the miniaturization of the
electronic equipment employing a plurality of termi-
nals. Accordingly, it will be appreciated that the
female terminal is deliberately "under designed”
from he standpoint of electrical and thermal con-
ductivity. The male terminal also has an O.D. that
is substantially equal to or less than the O.D. of the
insulation jacket of the conductor terminated there-
to. The male terminal, however, has a substantially
greater mass than the female terminal and is pref-
erably made from a more conductive material. The
male terminal, therefore, provides a heat sink to
draw out heat from the overall assembly. Thus, and
conversely to the design of the female terminal, the
male terminal is deliberately "over designed". Ac-
cordingly, it will be appreciated that the assembly
has a "over and under" design; and as a result, a
number of imporiant advantages are achieved: (1)
excellent overali electrical and thermal conductivity
is obtained, consonant with excellent mechanical
properties; (2) an electrical assembly whose com-
plete interconnection envelope is substantially
equal to or less than the 0O.D. of the conductor
jacket; (3) relatively-economical readily available
strip materials may be used; and (4) relatively cost
effective automated (or semi-automated) manufac-
ture is facilitated, using existing production equip-
ment.

For a better understanding of the invention
reference will now be made by way of example to
the accompanying drawings, in which:-

Figure 1 is an exploded perspective view of
one embodiment of the improved electrical assem-
bly of the present invention, showing the female
electrical terminal and its cooperating male elec-
trical terminal (constituting a pin) adapted to be
slidably received within the female electrical termi-
nal.

Figure 2 is a top plan view of the female
electrical terminal of Figure 1 of the present inven-
tion, looking down on the longitudinal slot formed in
the first sieeve portion of the female electrical
terminal.

Figure 3 is a side elevation view of the
female electrical terminal of Figures 1 and 2, show-
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ing at the left-hand portion thereof, a substantially-
cylindrical first sleeve portion of the female elec-
trical terminal for recsiving the male pin; further
showing at the right-hand portion thereof, a sub-
stantially cylindrical second sleeve portion for re-
ceiving the electrical conductors or wires therein;
and further showing an intermediate section integ-
rally joining the first and second sleeves of the
female elecirical terminal.

Figure 4 is an end view thereof, viewed in
the direction in which the male pin terminal is
slidably recsived into the female electrical terminal.

Figure 5 is a cross-sectional view of the
female electrical terminal, taken across the lines 5-
5 of Figure 3, and showing the two pairs of
longitudinally-extending inwardly-directed convex
lobes formed in the first sleeve portion of the
female electrical terminal.

Figure 6 is a further cross-sectional view of
the female electrical terminal, taken across the
lines 6-6 of Figure 3, and showing the rearwardly-
extending heat-radiating fins formed integrally with
the first sleeve portion of the male electrical termi-
nal, and further showing the forwardly-extending
portion of the second sleeve portion of the female
electrical terminal nested radially within the ex-
tended contours of the heat radiating fins on the
first sleeve.

Figure 7 is an assembled view of the male
pin slidably inserted into the first sleeve portion of
the female electrical terminal, the assembled view
being partially in elevation and partially in longitudi-
nal section, and being broken away to show how
the forwardly-extending portion of the second
sleeve of the female electrical terminal provides a
stop to limit the slidable insertion of the male pin
terminal into the first sleeve.

Figure 8 is a cross-sectional view, taken
along the lines 8-8 of Figure 7, and substantially
similar to the cross-sectional view of Figure 5, but
showing how the pin makes contact with each of
the four convex lobes formed the first sieeve por-
tion of the female electrical terminal.

Figure 9 is a further cross-sectional view,
corresponding substantially to Figure 8, but show-
ing how a somewhat larger pin will cause the first
sleeve portion of the female electrical terminal to
flex radially outwardly, as the longitudinal slot in -
the first slesve circumferentially by a somewhat
greater degree; and further showing how the pin
still makes contact with each of the four convex
lobes.

Figure 10 corresponds to a portion of Figurs
7, but showing a copper tube lightly press-fitted
over the second sleeve of the female electrical
terminal.

Figure 11 is a top plan view of a stamped
blank used in forming the female electrical termi-
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nal.

Figure 12 is a top plan view, with certain
parts broken away and sectioned, of the female
electrical terminal of the present invention showing
a conductor invention inserted into the second
sleeve.

With reference to Figure 1, the improved elec-
trical assembly 10 of the present invention includes
a male electrical terminal (comprising a pin 11)
adapted to be slidably inserted into complementary
female electrical terminal 12. Male terminal 11 is
adapted to be terminated to conductor 36 and
female terminal 12 is adapted to be ierminated to
conductor 37. Conductors 36, 37 are comprised of
insulation jackets 38, 33 respectively, which sur-
round one or more wires 39, 23 respectively.

With reference to Figures 2-4, the female elec-
trical terminal 12 includes a generally-cylindrical
first sleeve portion (or barrel) 13 and a generally-
cylindrical second sleeve portion (or barrel) 14 hav-
ing a smaller outer diameter ("0.D") than the first
sleeve 13. A third intermediate portion 15 integrally
joins the first and second sleeve portions. The first
sleeve 13 has a first longitudinal siot 16 formed
therein, and further has a pair of rearwardly-extend-
ing heat-radiating fins 17 formed integrally there-
with (in a manner hersinafter described). The heat-
radiating fins 17 include first and second radiating
fins respective sides of the first longitudinal slot 16.

As shown more clearly in Figure 5, the first
sleeve 13 has four longitudinally-extending
inwardly-directed convex lobes 18 formed therein,
preferably by an embossing operation. These lobes
18 are preferably arranged in two pairs, constituting
a first lobe pair A disposed substantially symmetri-
cally about the longitudinal slot 16, and a second
lobe pair B disposed a substantially diametrically
oppositely of the longitudinal slot 16 and arranged
substantially symmetrically about the diametrical
axis 19 (of the first sleeve 13) which includes the
longitudinal siot 16. '

Preferably, the angle subtended by the two
lobes 18 of the first lobe pair A is substantially less
than the angle subtended by the other two lobes
18 in the second lobe pair B. In the preferred
embodiment, angle is 34 degrees and angle is 90
degrees. However, it will be appreciated by those
skilled in the ari that other anguiar relationships of
the lobes 18, symmetricai or otherwise, may be
employed consonant with the teachings of the
present invention and within the scope thereof.

With references to Figure 7, the second sleeve
14 of the female elecirical terminal 12 has a pair of
integrally-formed lanced-out inwardly-directed right-
angularly bent tabs 20 disposed substantially dia-
metrically opposite to each other to provide a stop
to limit the extent to which the pin 11 may be
slidably inserted into the first sleeve portion 13 of
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the female electrical terminal 12. These tabs further
provide a siop for the wire conductor member
inserted into the second sleeve portion 14. Prefer-
able, the inner surface of second sleeve portion 14
further includes a plurality of serrations 32, as best
seen in Figures 1 and 2. These serrations 32 are
adapted to penetrate any oxide film that may be
formed on bare wires 23, thereby improving the
electrical termination resistance thersbetween.

With reference again to Figure 7, and with
further reference to fig. 8, the inherent utility, fea-
tures and advantages of the present invention will
be more readily appreciated. More particularly,
when the male pin 11 is slidably inserted into the
first sleeve 13 of the femaie electrical terminal 12,
the longitudinal slot 16 in the first sleeve 13 may
open slightly (circumferentially) as the first sleeve
13 flexes outwardly (radially) to accommodate the
slidable reception of the pin 11; and, more impor-
tantly, the pin 11 makes a line contact with each of
the four convex lobes 18 (in the first and second
lobe pairs A and B, respectively) and substantially
along the entire length thereof, as shown in Figure
7.

This is an important contribution, heretofore not
available in the prior art. The prior art structures
and arrangements mostly had two contacts, some-
times three, but never four contacts. Moreover,
there is a substantially full-line contact with the
male pin 11, and not merely a point contact there-
with (which is widely resorted to in the prior art).
Such a point contact (or contacts) may be provided
by an inwardly-directed spring finger, constituting a
cantilever-beam spring contact. As further distin-
guished from this cantilevered beam spring con-
tact, the present invention provides a transverse
beam contact rather than a longitudinal beam con-
tact. As a result of these important structural con-
siderations, the present invention can readily ac-
commodate the heavier current-carrying require-
ments of electrical "power"” connections (besides
electrical "signal” connections).

In the preferred embodiment, female terminal
12 is adapted to cooperate with a male terminal 11
that has a substantially-solid pin portion, that is a
solid pin or a stamped and formed pin having
relatively thick walls that approximate a solid pin in
cross section. Because of the relatively large mass
of the pin 11, it serves as a convenient heat "sink"
to remove heat from the mated assembly.

As illustrated in Figure 9, the first. sleeve por-
tion 13 of the female electrical terminai 12 of the
present invention may accommodate a somewhat
larger pin 11", causing the first sleeve 13 fo flex
slightly more (radially) as the longitudinal slot 16
opens somewhat wider (circumferentially) to ac-
commodate the pin 11', the pin 11" still having a
line contact with each of the four convex lobes 18.
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Moreover, the male pin 11 (or 11') has a
"transverse beam” line contact with the female
electrical terminal 12, rather than a "longitudinal
beam" contact provided by a cantilevered spring-
finger contact (heretofore widely used in the prior
art). This transverse beam contaci, along with the
substantial line contact between the pin 11 and the
four convex lobes 18, provides reduced contact
resistance (and hence superior electrical conductiv-
ity) consonant with improved mechanical properties
for the overall assembly of the respective male and
female terminals.

The second sleeve portion 14 of the female
electrical terminal 12 has a second longitudinal siot
21 formed therein, which is substantially aligned
with the first longitudinal siot 16 in the first sleeve
13, as shown more clearly in Figure 2.

With reference to Figures 1, 10 and 12, a
conductive tube 22 is received over the second
sleeve 14. This tube 22 may be made of copper of
a copper alloy (or other suitable material) and is
lightly press-fitted over the second sleeve 14. One
or more wires (or conductors) 23 are received
within the second sleeve 14. Any number of wires
or strands 23 may be used consonant with the
teachings of the present invention. The second
sleeve 14 is depressed or crimped (using a well-
known process) to securely retain the wires 23
within the second sieeve portion 14 of the female
electrical terminal 12. In a preferred embodiment, a
"W" crimp is used, such that the end of the female
electrical terminal 12 carrying the wires 23 resem-
bles the letter "W".

Figure 11 shows a stamped blank 24 used for
making terminal 12, aftached to carrier sirip 25.
The carrier stamp 25 has a pilot hole 26 used for
machine indexing purposes. As a result of the
stamping and forming operations, a series of dis-
crete spaced-apart elements is formed, each of
which has a main body portion 27. This main body
portion 27 has a first section 28, a second section
29, and a third intermediate section 30 integrally
joining the first and second sections. A plurality
(preferably four) longitudinal-extending convex
lobes 18 are formed in the first section 28 by an
embossing or other suitable operation.

The material chosen for making terminal 12
may be a copper alloy, and in a preferred embodi-
ment, is designated "C63800" which is an alu-
minum bronze alloy. Using this material, which is
readily available, the first sleeve or barrel 13 has a
lesser conductivity, but conversely a higher yield
"spring” function, than the second sleeve or rear
barret 14 with its more-conductive copper tube 22
crimped thereon. The copper tube 22 is made from
a different alloy and has superior conductivity than
the material for the blank 24. On the other hand,
the copper tube 22 will be "W" crimped, as pre-
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viously described and thus the copper tubs 22 is
not required to provide a mechanical function
where resiliency of the material is an important
criterion.

The terminals 12 may be severed from the
carrier strip 25, if discrete terminals are desired.
Alternatively, and as understood by those skilled in
the art, the terminals may be retained on the car-
rier strip 25 (in a "batch” or a continuous strip) for
subsequent automated terminations.

As best seen in Figure 12, conductor 37 com-
prises wires 23 and insulation jacket 33, and it will
be further appreciated that the outer diameter
("O.D.") of the tube 22 is substantially equal to or
less than the corresponding O.D. of the insulation
jacket 33 of conductor 37. Correspondingly, as
shown in Figure 1, the O.D. of the male terminal is
substantially equal to or less than the O.D. of its
respective conductor 36. The complete male and
female interconnection envelope, therefore, is sub-
stantially equal to the conductor O.D., e.g. a 30A
terminal having a 30 degree temperature rise will
be equivalent in size to a 10 AWG style UL 1015
wire. This feature of the present invention contri-
butes to the miniaturization of the electronic equip-
ment (or other apparatus) employing a plurality of
the female terminals 12 as, for example, in a com-
puter backplane.

Moreover, and from the standpoint of electrical
and thermal conductivity, the female terminal 12 is
deliberately "under designed”. Conversely, the
male terminal 11 has a substantially greater mass
and ability to conduct heat and electricity, and to
this extent, the male terminal 11 is "over de-
signed". Accordingly, the design of the overall as-
sembly 10, including the male terminal 11 and the
female terminal 12, may be considered an “"over
and under" design.

This is another important feature and advan-
tage of the present invention. The material chosen
for the respective female terminals of the invention
may be readily available and relatively economical;
and even though that material may have (for exam-
ple) only 10% IACS (International Annealed Copper
Standard) of the conductivity of "pure" copper,
which is considered the standard, nevertheless, the
"over-designed” male terminal 11 in effect com-
pensates for the lower conductivity material by
drawing the heat out of the mated electrical assem-
bly. This "heat sink" feature of the male terminal,
together with the radiating fins 17 on the female
terminal, allows a much more economical material
to be used for the female terminal without sacrific-
ing mechanical properties, and yet facilitating reia-
tively cost-effective autormated manufacture.

Moreover, the substantially line contact be-
tween the pin 11 and the four convex lobes 18
assures a substantially improved electrical constric-
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tion resistance between the male and femaie termi-
nals, respectively. The line contact system of the
present invention provides more asperities than a
point contact system in separable electrical con-
nections. The line contact system of the present
inventor provides a cantilevered beam that twists fo
conform to the shape of the cylindrical pin inserted
to maximum engagement.

Claims

1. An electrical assembly (10), comprising a
male elecirical terminal (11), and a cooperating
female electrical terminal (12) adapted to slidably
receive the male electrical terminal (11), the as-
sembly being characterized in that:
the female terminal (12) includes a generally-cylin-
drical first sleeve portion (13) having a longitudinal
slot (16) formed therein, such that the first sleeve
may flex radially outwardly when the male slec-
trical terminal (11) is slidably received within the
first sleeve portion (13) of the female electrical
terminal (12);
the first sleeve portion (13) has four longitudinally-
extending inwardly-directed substantially convex
lobes (18) formed thereon; and
the four lobes (18) being arranged in two pairs of
iobes, including a first lobe pair (A) on respective
sides of the longitudinal siot (16) in the first sieeve
portion (13) of the female electrical terminal (12),
and further including a second lobe pair (B) dis-
posed substantially diametrically opposite o the
longitudinal slot (16);
wherein, when the male electrical terminal (11) is
slidably received into the female electrical terminal
(12), the male electrical terminal (11) engages the
four lobes (18) and makes electrical contact with
the four lobes (18) substantially along the entire
length thereof.

2. The elecirical assembly (10) of claim 1,
wherein the first lobe pair (A) subtends an angle
which is less than the corresponding angle subten-
ded by the second lobe pair (B).

3. The selectrical assembly (10) of claim 1 or 2,
further including a pair of radiating fins (17) formed
integrally with the first sleeve portion (13) of the
female electrical terminal (12) and exiending rear-
wardly therefrom in the direction in which the male
terminal (11) is slidably inserted into the first sleeve
(13)
the heat radiating fins (17) including first and sec-
ond radiating fins on respective sides of the lon-
gitudinal slot (16) in the first sleeve portion (13) of
the female terminal.

4. The electrical assembly (10) of claim 1 or 2,
wherein the female electrical terminal (12) further
includes a generally-cylindrical second portion (14)

10

15

20

25

30

35

40

45

50

55

extenidng rearwardly of the first sleeve portion (13)
of the female electrical terminal (12), and

wherein the-second sleeve portion (14) is adapted
to receive at least one elsctrical conductor (37)
therein.

5. The electrical assembly (10) of claim 4,
further including a conductive tube (22) press-fitted
over the second sieeve portion (14) of the female
electrical terminal (12).

6. The electrical assembly (10) of claim 5
wherein the male and female terminals (11, 12) are
terminated to respective conductors (36, 37), the
conductors (36, 37) having respective insulating
jackets (38, 33) with a given outside diameter and
wherein the respective interconnection envelope of
the assembly (10) is substantially equal to or less
than the outside diameters of the insulating jackets
(38, 33) on the respective conductors (36, 37).

7. In an electrical assembly (10) having coop-
erating male and female terminals (11, 12) respec-
tively, wherein the male and female terminals (11,
12) are to be terminated to respective conductors
(36, 37) each conductor (36, 37) comprised of at
least one wire having an O.D. and an insulation
jacket (38, 33) having a given O.D., the improve-
ment characterized in that:

a first sleeve (13) on the female terminal (12)
receives the male terminal (11);

a second sleeve (14) on the female terminal re-
ceives the at least one wire (37), the second sleeve
having an O.D. which is not larger than the O.D. of
the insulation jacket (33) on the conductor (37) to
which it is fo be terminated, such that the female
terminal (12) is deliberately "under designed” from
the standpoint of electrical and thermal conductiv-
ity; and )

the male terminal (11) has an O.D. that is substan-
tially equal to or smaller than the O.D. of the
insulation jacket (38) of its respective conductor
(36), and has a substantially greater mass than the
female terminal {12) such that the male terminal
(11) is deliberately- "over designed" from the stand-
point of electrical and thermal conductivity, and
such that the male terminal (11) provides a heat
sink to draw out heat form the assembly (10);
whereby the elecirical assembly (10) has an inter-
connection envelope that is substantially equal to
or less than the O.D. of the conductor jacket and
wherein the assembly has an "over and under"
design, thereby facilitating the use of readily avail-
able relatively-economical materials, and thereby
facilitating reiatively cost effective automated man-
ufacture.

8. The assembly of claim 7, wherein the first
sleeve (13) has four longitudinally-extending
inwardly-oriented convex lobes (18), each of which
as a line contact with the male terminal (11) sub-
stantially along the length thereof.
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9. The assembly of claim 8, wherein the first
sleeve (13) has a longitudinal slot (16) formed
therein, and wherein the four convex lobes (18) are
arranged in two pairs of lobes (A, B), including a
first lobe pair (A) straddling the longitudinal slot,
and further including a second lobe pair (B) ar-
ranged substantially diametrically opposite to the
first lobe pair.
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